Buckley: D8scussion on Diuresis diuretic drugs are administered. We do not seek to remove excess of water from the system as in aedema, but to remove excess of solid matter of a harmful nature, usually resulting from disordered metabolism. For the removal of such matter an increase is necessary both in water imbibed and urine excreted, and if the fluid ingested is to serve a useful purpose it must itself be free from substances in themselves harmful, which excludes many popular beverages, and yet contain elements capable of stimulating excretion and influencing metabolism. For this latter reason distilled water often used for flushing purposes is inferior to some waters with a certain mineral content. There is ample evidence that distilled water only produces diuresis not exceeding the amount taken, whereas many diuretic mineral waters definitely stimulate the system to an excretion in excess of the amount ingested. At the same time it is to be noted that this excessive excretion can only go on for a limited time, or the body would become dehydrated, with loss of weight, thirst, and other undesirable effects. Therefore the most important object is to secure what may be called a diuresis of solids, and only so much extra excretion of liquids as will usefully serve this purpose. Many of the experimental observations on diuresis extend only over a period of a few hours, and show an increased water excretion in this time, but the total excretion of the twenty-four hours may be unchanged so far as water is concerned, though profoundly modified in respect of solids. The effect of the water is not always limited to the hours immediately following its ingestion. I have frequently noted that the Buxton water has a potent effect during the night on some patients past middle life; the usualhabit of rising once in the night is insufficient, and three or four urgent calls to micturate may be experienced, though the mineral-water drinking may have beell limited to the earlier part of the day.
In considering the effect of mineral waters in this respect, we must first study the effect of plain water drinking on diuresis. The work of Marshall [1] , confirmed by Carr [2], as well as that of earlier observers, indicate that excretion of chlorides is apparently increased, but the increase is variable and generally less marked than that of urea, and at the height of diuresis the chloride elimination generally decreases; creatinin is little affected. It appears to me that these observations are open to the criticism in respect of the chlorides that no fluid being given in the control period the chloride excretion must be -limited to a subnormal amount, there not being sufficient water available for its excretion. I should attach more importance from our point of view to a control in which the normal kind and quantity of fluid had been taken, and in the experiment, the same fluids plus a fixed amount of water. Another point is, that I cannot discover whether distilled water was used or an ordinary tap supply. That this is not unimportant is shown by the observations of Keller [31, which showed that " hardy" water had a greater diuretic power than distilled water, in respect of water, chlorides and urea. The amount of lime salts would be small in the hard water, but evidently they had a very decided effect, and it is unfortunate that no analysis of this water is given in Keller's paper. The amount of the different salts contained in an ordinary dose of a mineral water is very much less than would be required to produce a diuretic effect if administered in artificial solution. Two explanations have been offered, first, that the mineral elementsate more active in the " natural form, being largely in the form of free ions; secondly, that the important matter is the combination of mineral constituents, one acting as adjuvant to another, or it may be as opponent in some instances. Both explanations are probably right. That certain constituents act as adjuvants to each other is shown by the work of Schloesser [4] who found that the sulphates of magnesium and sodium injected intravenously with caffein caused a more intense diuresis than would correspond with the sum of the single effects. Caffein with sodium salicylate and theocin in combination produce a diuretic effect, which is not greater than that which would correspond to the sum of the single effects. Observations on the same lines upon other salts would be useful.
The action of mineral waters in producing greater excretion of water and of urinary solids is upon the renal cells, but also, as Blum [5] has shown, upon the tissues generally. He defines, therefore, a group of " interstitial" diuretics in addition to the older classification of cardiac and renal. This is based upon his work on calcium chloride as a diuretic. This salt acts by dehydrating the tissue colloids as do other salts, notably those of potassium, thus setting free water which is excreted. Sodium chloride acts in the opposite way by hydrating the colloids and thus locking up water. This action is mainly due to the kations, Ca and Na, but the Cl is not without some influence, since calcium lactate has no diuretic action. Blum [Sa] uses CaCl as a diuretic in cedemas with considerable success, but has found that it is essential to place the patient on a salt-free diet. He uses large doses and thus his results cannot apply to mineral water therapy without modification, but they are of extreme interest in the light they throw on the antagonism of Na and Ca, two of the commonest constituents in our mineral springs. Dunn [61, working on different lines, shows that lactic acid which is produced in the body in certain conditions has a similar action to Na in causing what he terms " swelling of the body colloids." He uses various salines to combat this with varying success. It would seem that calcium was the obvious antidote, and in view of the part which lactic acid appears to play in soms kinds of rheumatism, some light is thrown on the action of calcium-containing mineral waters, so successful in its treatment.
Three well defined types of mineral waters possess diuretic action, namely the sulphur waters, including the sulphuretted salines, the calcareous and the radio-active thermal waters of low mineralization. I may safely leave the discussion of the action of sulphur to others who understand it better, but when sulphur is associated with NaCl, as in the sulphuretted salines which are widely represented in this country, its action presents a problem of interest in determining to what factors the diuretic effect is due. Recent observations made by Keller at Rheinfelden and Violle [7] at Vittel indicate that sodium ions are strongly inhibitory of diuresis. Violle compared the effect of demidecinormal solutions of NaCl with equivalent solutions of CaCl2, and also with the natural water of the Grande Source of Vittel, in which both are present in considerably less amount than in his artificial solutions, the amount of Na being infinitesimal. He found that the solution of NaCI was definitely inhibitory of diuresis-that of CaCl2 induced definite diuresis, while the natural water proved powerfully diuretic. He found that the addition of a quantity of NaCl equivalent to half that of the Ca in the artificial solution completely neutralized the diuretic effect. He sums up his conclusions as follows:
" Each of the elements conceived as ions, entering into the composition of a. diuretic mineral water, has its own peculiar action. Each of them contributes to the recognized properties of the water in question or, on the other hand, diminishes it by a contrary action. Therefore there should be in existence certain relations between the constituents of the water. If these relations do not exist, the water does not possess any physiological property, and in consequence any special therapeutic quality. It is not so much in the variety of the elements and in their respective quantities, but in the relative proportion of those elements that the property of a mineral water resides. The contrary effects must be neutralized in order that the whole of their value may appertain to certain elements. And as these relative proportions are met with comparatively rarely, it is obvious that among the considerable number of mineral springs to be found on the surface of the globe it is only some that possess any therapeutic properties."
These conclusions to which Violle has come are of great importance though perhaps not entirely new, but they indicate the reason why two waters of apparently similar composition often differ widely in effect, and they also show that clinical observation, supported afterwards by experimental demonstration, is the only sound policy by which to investigate the value of a water; little can be discovered by chemical analysis alone.
I think it would have been an advantage if the solutions used in these experiments had approximated more nearly to the actual strength of the mineral water against which they were tested. The weaker the solution the higher the degree of ionization, other things being equal, and it may easily be the case that the diuretic power of the weaker solutions would be greater than that of the stronger. This question will no doubt receive further consideration in the future. Violle used distilled water diuresis as the standard of comparison and limited his observation to the six half-hours after the water had been taken -a method which may serve for comparative effects, but is inadequate for the proper investigation of the excretion of solids as well as of water.-His papers are worthy of careful study and show that we must investigate the interaction of the mineral constituents of our waters, and much work needs to be done on other salts than those of Ca and Na. For example, we note from these researches that the effect of Ca in inducing diuresis may be neutralized if half the quantity of Na ions are present or added. Yet diuresis is claimed as an effect of many of the sulphuretted saline waters, and in those of this country the sodium is much in excess of the calcium salts. The proportion of Ca to Na is highest in the waters of Llandrindod, slightly lower in the other Welsh spas and by far the lowest at Harrogate. Some comparative experimental work on these waters would throw more light on the problem than work with artificial solutions. There must be other salts than CaCl and NaCl at work and evidently sulphur is one of these, while the action of the salts of magnesium calls for investigation. It may be that when Na is in excess the action of Ca is modified, for you will recollect that Blum onlv obtained a diuretic effect with CaCl when the patient was placed on a salt-free diet. Zeller [81 found that diuresis resulted from solutions of NaCl, administered intravenously and also orally, but in the latter case the diuresis appeared promptly and quickly ceased. The problem is one of great complexity and may be much affected by the amount of salt in the diet and the amount of fluids other than mineral water ingested before and after the experiment. We must remember that diuresis of water is chiefly referred to in these experiments, but the solids are more important, and from Keller's work it is seen that NaCl notably increases the excretion of urea. Baird and Haldane [9] administered hypertonic salt solutions to be followed by copious water drinking; and they showed that the diuresis which resulted was infdependent within wide limits of the amount of water ingested. They state that the excess of salt is stored probably in the skin and connective tissues.
There is not time to discuss the action of different salts upon the kidney tubules, but the observations of Hamburger [101 are noteworthy. He shows that the endothelial cells of the kidney as well as of other organs are very sensitive to any change in the calcium content of the plasma; a very slight change considerably alters the cellular permeability. The calcareous mineral waters, of which the best examples, if the quantity of Ca present is to be our standard, are the waters of Contrex6ville, Wildungen, &c., which are noted for their action on the kidney. Keller, of Rheinfelden, has investigated the action of two springs of this class comparing them with artificial solutions and ordinary hard water, the latter proving definitely more diuretic than distilled water, in respect of water, chlorides and urea. The Kapuzinerberg source containing bicarbonate and sulphate of calcium proved. strongly diuretic, the Magden source containing sulphates of calcium and magnesium was definitely less effective in respect of excretion of water but caused a notable increase in the excretion of chlorides and urea in the five hours following its ingestion. Tarasp water was also included in the scope of his investigation: it contains NaCl and Na2003 and it showed the inhibitory power of Na upon diuresis. An important detail is that the natural mineral waters produced a greater diuretic effect than an equimolecular solution of NaCl.
While discussing diuresis one must not forget that this obvious result of the ingestion of water may be less important than the action on metabolism. One important effect of calcium has been pointed out from time to time by different workers without its attracting perhaps the attention it deserves. Kionka [11], in 1900, recorded experiments showing that Ca tends to diminish the amount of uric acid excreted in the urine. Miyadera [12] , in 1921, stated that the ingestion of Ca in the form of easily absorbable compounds does not influence the total nitrogen metabolism but reduces the amount of uric acid in the urine. This reduction, he suggests, depends on diminished production of uric acid in intermediary metabolism. Observations upon the blood uric acid indicate that this is progressively diminished under the influence of certain mineral waters containing Ca.
Another detail may be of importance in the investigation of the calcareous mineral waters; they differ widely in the proportion of CaCO3 and CaSO4 they contain. It has been shown that the carbonate is rapidly converted into the easily absorbed chloride in the stomach but there is evidence that the sulphate is much more difficult of absorption, which indicates that the carbonate is the more useful salt. In the waters of low mineralization, however, in which the Ca is almost completely ionized this point is perhaps of less importance.
The third group, the radio-active waters of low mineralization have as their chief solid constituent, Ca together with a large number of other salts often in very minute quantity, making it a matter of great difficulty to determine which constituents are responsible for their characteristic activity. The degree of ionization is almost if not quite total, and they are charged with considerable amounts of nitrogen, C02, argon, helium, &c., and are also radio-active to a marked degree, owing to the emanation or " niton " they contain.
I am not aware of any experiments having been published on the diuretic effect of waters of this type but the clinical evidence is overwhelming. We know that distilled water is negative, and that some " hard " waters are diuretic, but experiments which will be mentioned by a later speaker show that the diuretic effect of the Buxton water which is typical of this class is 25 per cent. higher than that of distilled water.
The effects of the gaseous constituents and of niton call for investigation, and to know their influence upon diuresis, if inhaled, would be interesting. The action of radium is generally admitted to be that of a stimulant to nutrition and metabolism, but many of the published investigations are contradictory and far from convincing as to the other effects possessed by radium emanation when used internally. Gudzent [13] and others published experiments with thorium X as a radio-active substance showing that the emanation temporarily increased the uric acid in the blood and urine and that Ca increased that in urine and diminished that in blood. McCrudden and Sargent [14] found no effect from artificial radium water on either blood, uric acid, rate of uric acid excretion, or of total N, or water. The work of other observers on Ca to which I have referred is also opposed to Gudzent's findings.
I do not think that experiments with artificial radium water can be regarded as throwing any light on the action of natural radio-active waters in which in my opinion an important effect of the radium is the action it exerts on the mineral constituents, whether by ionizing them or as an adjuvant to their action. There is clinical evidence that the radio-active waters lose much of their characteristic effect unless taken fresh at the spring, and since the gases and niton are the elements which disappear it would seem that to them must be attributed important effects.
The question as to how mineral waters produce diuresis has received some consideration in the light of their action on the tissue colloids, but I do not think this is adequate to explain the diuretic effect of a mineral water the Ca content of which is less than a grain in an ordinary tumbler and the total solids of which may not be more than two grains, the gaseous constituents being the most notable. Some observations made for me on normal individuals showed, in addition to the diuretic effect of the Buxton mineral water, a slight but definite and fairly constant fall of blood-pressure within a very short time, of drinking the water, and this is suggestive. I venture to put forward for your criticism the idea that the explanation may lie in the action of the pituitary gland. That this gland plays an important. part in regulating diuresis is supported by much evidence. Schafer states that diuresis may occur from the action of the posterior lobe without corresponding rise in blood-pressure. Houssaye, Galan, and Negrete [15] found that intravenous injection of pituitary produced diuresis in the dog but a decrease in the urine of the rabbit, but in each case with a constant volume of water ingested the diuresis in twenty-four hours remained constant. Konschegg and Schuster [16], however, state that intravenous administration in rabbits led to increased diuresis if the dose were not too high, but with larger doses the increase gave place to a decrease.
Farini and Cessaroni [171 found that extracts of the posterior pituitary had the property of increasing diuresis and diminishing arterial pressure.
Stoland and Korb [18] found that injection of pituitrin into dogs seemed to act as a stimulant to the kidney in that it produces such a marked secretion of urine that the N-content of the blood falls far below normal. This seems to indicate more than mere water excretion. Douglas Cow [19] showed that diuresis resulting from perfusing the kidney with saline extracts of the intestinal mucosa, previously passed through various parts of the body, was dependent on whether the saline had passed through the pituitary circulation or not.
Sylvestri [20] sums up his researches in the statement that the pituitary stimulates or checks the activity of metabolism in general, including the production and destruction of uric acid.
To sum up, slight stimulation of the posterior lobe causes diuresis and fall of blood-pressure ; increased stimulation reverses this effect; metabolism generally and the production and destruction of uric acid and also the excretion of chlorides, are affected.
These are precisely the most notable effects resulting from the ingestion of mineral waters of the group we are discussing. Further, one notices occasionally that a patient instead of passing more urine after drinking the water, passes less, and it seems possible that this may be due to overstimulation of his pituitary and that much smaller doses are indicated in such cases.
In advancing this theory that the action of certain mineral waters, and notably the simple thermal radio-active group, is primarily as a stimulant to the pituitary, I am conscious of the slenderness of the evidence in support, but I think there is sufficient to induce further investigation which may bring to light important facts.
In putting forward these remarks to open the discussion I have not attempted to cover the whole field or to make any original contribution to the bio-chemistry of mineral waters, but simply to review the subject and to bring into prominence some problems which urgently call for solution.
Mr. J. RACE (Devonshire Hospital, Buxton). The subject under discussion to-day is a very important one. Its many phases have been investigated on numerous occasions, but it must be admitted that, with the exception of a few general principles, the process stands upon an empirical rather than upon a scientific basis. It is true that diuretics have been classified according to their mode of action and the type of diuresis produced, but physiologists are still divided between a modified form of the mechanical theory of Ludvig and the vital theory of Bowman. The latter is probably more generally accepted but even this theory fails to explain in any way the ability of the kidneys to break the second law of thermodynamics by occasionally excreting a urine of higher osmotic pressure than that of blood. And if one law can be broken is there any reason why all other so-called laws should be obeyed? It must be remembered that scientific laws are usually established by the investigation of inert matter. At present they are often inadequate to explain the mechanism of the living cell and are practically of no value in accounting for the variability in the properties of what are apparently identical cells. This variability in the response of the cell, and of the aggregate of cells, &c., constituting the human body, is often so marked that it is impossible to draw accurate conclusions from experiments made upon
